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Pollinator Sharing in Specialized Bee Pollination Systems: a Test with the Synchronopatric 
Lip Flowers of Centrosema Benth (Fabaceae)
M Ramalho1, M Silva1,2, G Carvalho2
Introduction
Floral attributes have been protagonists in ample and 
controversial debates concerning adaptive changes and the mecha-
nisms subjacent to flower-visitor interactions (e.g., Herrera, 1996; 
Ollerton et al., 2007). The roots of these debates reside, in large 
part, in the understanding that floral characteristics are adap-
tively flexible (Endress, 1994), even when they involve pre-
sumably specialized pollination modes (Tripp & Manos 2008), 
as flower-visitor interactions are often scale and ecological 
context dependent (Herrera, 2005; Ollerton et al., 2007). In 
comparing extensive floral data (on floral traits and pollina-
tors) from six communities around the world, Ollerton et al. 
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Bee-pollinated lip flowers of two synchronopatric species of Centrosema were used as 
models to examine the influence of specialized pollination systems on the ecological 
mechanisms of pollinator sharing. Regression analysis of bee abundances in the habitat 
on bee abundances on C. pubescens flowers was significant (r = 0.69; P = 0.001) and 
became very consistent and highly significant (r = 0.87; P = 0.00001) using a size threshold 
of bee pollinators longer than 15mm. These same relationships were not significant (P > 
0.01), however, for C. brasilianum flowers. The structures of the two pollination systems 
also sustained the hypothesis of a size threshold for pollinators, although only the C. 
pubescens-bees interactions sustained the hypothesis of random interactions propor-
tional to species abundances in the habitat. The flower visitor pools of the two plant 
species shared the same four main bee guilds: the pollinators Centridini, Xylocopa, and 
Euglossini and the primary nectar robber Oxaea. However, a significant divergence (P 
< 0.01) was detected between the two systems when the abundances and behaviors 
(pollinators or cheaters) of the main shared flower visitors were incorporated into the 
overall quantitative analysis (NMDS). The flowers size differences are not significant (P 
> 0.05) and could not explain these divergences. Particularly, the concentrations of the 
largest pollinators Eulaema and Xylocopa on C. pubescens flowers and the behavior shift 
of Centridini bees that act as legitimate pollinators in C. pubescens and as nectar rob-
bers in C. brasilianum are better understood as functional foraging responses triggered 
by the synchronopatry and by nectar volume differences (P = 0.001) between both lip 
flowers. Paradoxically, the robbery activity of Centridini bees arises as a supply side ef-
fect of smaller nectar volume in C. brasilianum flowers.  
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(2009) concluded that the “pollination syndrome hypothesis”, 
as traditionally stated, did not properly describe the diversity 
of floral phenotypes and only poorly predicted plant species 
pollinators. These authors therefore recommended a ‘fresh look 
at how the traits of flowers and pollinators relate to visitation 
and pollen transfer’ in searching for appropriate descriptions 
of functional floral diversity. 
A question central to this debate is if other variables 
can be as important as morphological restrictions in structur-
ing pollination systems. Recent analyses of partnerships and 
the structures of flower-visitor webs have both indicated that 
morphological constraints continue to play a central role in 
the general theory of the organization of pollination systems. 
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The relationship between proboscis lengths and nectar cham-
ber depth, for example, sustains the hypothesis that size thresh-
olds are important in regulating those interactions (Stang et al., 
2006).  On the other hand, the pattern of “asymmetric special-
ization” that emerges from the webs (e.g., Vázquez, 2005) is 
also better explained when both size constraints and species 
abundance are incorporated into theoretical models (Stang et 
al., 2007). In this case, the following basic question directs the 
studies: are neutral mechanisms of random interactions propor-
tional to species abundance sufficient to explain the asymmetric 
specialization (plants with specialized flowers frequently inter-
acting with generalist visitors, and specialized floral visitors 
frequently interacting with generalized flowers) that has been 
observed in recent analyses of flower-visitor interaction webs 
(Vázquez & Aizen, 2004; Vázquez, 2005; Stang et al., 2007)? 
Here we focus on the question of pollinator sharing in 
specialized pollination systems and have chosen as a model 
two synchronopatric species of Centrosema (Fabaceae) with 
specialized zygomorphic keel flowers. The highly zygomor-
phic keel flowers of Fabaceae are often pollinated by bees 
(Faegri & Van der Pijl, 1979; Westerkamp, 1996; Galloni et 
al., 2007). Bee-pollinated keel flowers have nectar guides and 
produce nectar as the main floral reward for those insects, but 
only large bees with appropriate nectar-searching behaviors 
are able to provoke the mechanical exposition of the fertile 
pollination organs (Van der Pijl, 1954; Gottsberger et al., 1988; 
Lopes & Machado 1996; Etcheverry et al., 2003; Ramalho & 
Rosa, 2010). A distinctive floral trait of bee pollinated keel 
flowers is protection of their pollen from bee consumption 
(which would presumably be more effective in lip-flowers, 
as their keel is dorsally positioned in relation to the landing 
petal) (Westerkamp, 1996). 
Centrosema pubescens Benth and Centrosema brasil-
ianum (L.) Benth have large and very similar lip-flowers with 
notable bee-pollination traits (Endress 1994). These two spe-
cies show complete overlapping of their flowering periods and 
occur sympatrically along the tropical Atlantic coast of Brazil 
in herbaceous-shrub vegetation habitats (coastal “restingas” 
and sand dune areas). Their synchronopatric and specialized 
flowers should largely share pollinators according to the pre-
dictions of both the hypothesis of morphological constraints 
and that of random interactions proportional to species abun-
dance. In cases such as this, pollinator sharing would favor 
the coexistence of species with subtle differences in their flo-
ral biology due to the potential loss of significant quantities 
of pollen to hetero-specific flowers (Jacobi et al., 2005). This 
study therefore assumed the following specific premises: first, 
the most shared groups of pollinators must be abundant in 
the habitat if divergences in floral biology of the two Cen-
trosema species have only small influences on the functional 
differentiation of the two pollination systems; second, subtle 
morpho-functional differences in flower traits should produce 
greater differences among pollinating bees than among non-
pollinating bees (flower visitors). 
Material and Methods
Study area
The present study was undertaken in “restinga” vegeta-
tion along the eastern tropical Atlantic coast of Brazil. This 
coastal restinga vegetation develops under regional influ-
ences of the “The Tropical Atlantic Domain” (Por, 1992). The 
field study site was located in the Pituaçu Metropolitan Park 
(PMP) in the city of Salvador, Bahia State, Brazil (13°00’ 
S; 38°30’ W). The PMP is dominated by secondary growths 
of open shrubby-forests with patches of exposed sand dunes, 
covering an area of 450 ha, at approximately 50m above sea 
level. The regional climate is Af, according to Köppen classi-
fication system, with a mean annual rainfall of approximately 
1500mm, and mean monthly temperatures vary between 18°C 
and 22°C. There is no marked dry season, although the vegeta-
tion, which grows on sandy soils, is exposed to sporadic water 
deficits throughout the year, and there are many areas with 
only thin vegetation covers.
Plant species. Centrosema pubescens Benth. and Cen-
trosema brasilianum (L.) Benth. occupy open vegetation areas 
(dominated by herbs and small shrubs) in tropical restinga and 
coastal sand dune sites. C. brasilianum is a procumbent herb 
with glabrous inflorescences; its flowers are bluish-purple 
with white-yellowish pale stripes (nectar guides) on the ban-
ner petal. C. pubescens is a climbing vine with velutinous in-
florescences; its flowers are bluish-pale lilac with pink and 
creamy white stripes on the banner. The flag (or banner) serves 
as a large landing platform for the bees on both lip flowers and 
the corolla base is completely surrounded by a robust tubular 
calyx. The robust keel (in a dorsal position) surrounds and 
protects the fertile verticils and it must be displaced upwards 
by bees moving towards the corolla base. Nectar is the main 
floral reward, and is well-protected at the base of the corolla 
by the tight juxtaposition of the petal bases (which form a 
rigid and very narrow passage to the nectar chamber). The 
nectar can be reached through the interiors of the flowers by 
robust bees with long proboscis (personal observation).
The two Centrosema species have complete overlap-
ping flowering periods: C. brasilianum blooms year-round 
and C. pubescens from March to July (M. Ramalho & M. Sil-
va unpublished). Permanent 20m X 20m plots were delimited 
in high density patches for field experiments, sampling, and 
bee visitation observations. The observed numbers of open 
flowers/day were relatively low (5-10 flowers/m2/day and 
10-15 flowers/m2/day of C.pubescens and C. brasilianum, 
respectively; M.Silva & M. Ramalho unpublished) even in 
these dense patches where the flowers of both species were 
sometimes intermingled. 
Floral Biology and morphology measures. The basic 
analyses of floral biology were performed following Dafni 
(1992). Stigma receptivity was tested with hydrogen peroxide, 
and nectar volumes were measured in ten flowers from five 
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different individuals of each Centrosema species. Flowers (n 
= 10) were bagged one day before opening and the nectar was 
withdrawn using micropipettes soon after 08:00 h. This time 
was standardized based on a posteriori characterization of the 
period of highest floral visitor activity. Ten flowers from ten 
different individuals of each Centrosema species were mea-
sured with an electronic digital caliper (accuracy 0.1mm): the 
length and width of the banner, the length of the keel and the 
depth of the corolla were measured in fresh flowers. In this 
latter case, it was measured the distance between the point 
of insertion of the banner’s spur and the internal base of the 
nectar chamber. 
Bee Sampling Data. Floral visitors were captured using 
hand-held insect nets during the periods of overlapping flow-
ering of the two Centrosema species (March to July) in two 
successive years. Based on observational field data on floral 
biology (principally anthesis and anther dehiscence), the bees 
were intensively sampled on the flowers of both species from 
07:00 h to 12:00 h (most of the flowers are senescent after 
12:00 h) on a daily basis for 15 minutes/species every hour 
for 24 days (30 hours of sampling efforts) along the overlap-
ping flowering period. Visitor behavior on the flowers was 
observed simultaneously (and photographed for posterior 
analysis) during 15 minutes/h (totaling 15 hours) to charac-
terize pollinators and non-pollinators. Bees that behaved in 
discordance with the keel morphology (i.e., making holes in 
the corolla and accessing nectar from the outside of the flower 
or biting the anthers to collect pollen) were considered flower 
robbers (see Inouye, 1980) and were separated into two cat-
egories (Inouye, 1980): primary or secondary. Primary flower 
robbers make perforations in the corolla in order to gain ac-
cess to the nectar (or pollen), while secondary flower robbers 
take advantage of the perforations made by primary flower 
robbers. In general, visitors are called “cheaters” if they con-
sume floral resources without entering into contact with the 
fertile verticils (Inouye, 1980).
The bee morpho-species were determined by con-
sulting published keys and bee references in the Pollination 
Ecology Laboratory (ECOPOL) and the Bee Biology and 
Ecology Laboratory (LABEA) at the Biology Institute of the 
Universidade Federal da Bahia (UFBA). The identifications 
of the Centridini and Euglossini bee species were confirmed 
by Dr. Fernando Zanella (Universidade Federal da Integração 
Latino-Americana UNILA, Paraná, Brasil) and Dr. Ednaldo 
L. das Neves (Faculdade Jorge Amado, Bahia) respectively; 
the scientific names follow Moure et al. (2007). All specimens 
were deposited in the ECOPOL. The Centrosema species 
were identified by Dr. Luciano Paganucci de Queiroz of the 
Universidade Estadual de Feira de Santana - Bahia (UEFS), 
and those specimens were deposited in the Alexandre Leal 
Costa Herbarium at the Universidade Federalda Bahia (UFBA-
ALCH).
Data Analysis. The Mann-Whitney non-parametric 
test (α = 0.05) was used to compare the quantities of nectar 
produced by C. pubescens and C. brasilianum. The t-test was 
used to compare flower measures between both species (Go-
telli & Ellison 2004). 
In the global comparative analyses of the two pollina-
tion systems pseudo-species were created corresponding to 
two behavioral categories: robbers and pollinators. Data con-
cerning the composition and abundance of ‘pseudo-species’ 
visiting the flowers of six individual plants of C. pubescens 
and C. brasilianum were used in non-metric multidimensional 
scaling (NMDS) based on a Bray-Curtis similarity matrix. 
Analyses of similarity (ANOSIM) of each plant species were 
performed to test the null hypothesis of equality in the compo-
sition and abundance of floral visitors of these pollination sys-
tems. Detailed analyses of the contributions of each bee group 
to the observed dissimilarity (SIMPER) were also performed. 
Rare pseudo-species with frequencies equal or less than one 
were excluded from the analysis.
The hypothesis of random interactions being pro-
portional to species abundances (Vázquez & Aizen, 2004; 
Vázquez, 2005;) was evaluated comparing bee abundances 
in the local habitat. The bee abundances in the local habitat 
(PMP) were estimated by bee sampling during one year pe-
riod. Using hand insect nets, the bees were captured on the 
flowers of all detected bee plants (Sakagami et al., 1967) in a 
transect of 2.5km length, from 07:00 h to 17:00 h, totalizing 
240h of sampling effort. Linear regressions between the abso-
lute abundance values of each bee species in the habitat and 
their respective ‘relative abundance’ on the flowers were esti-
mated using GraphPad Instat 3 software (at a significance lev-
el of 0.01). The relative abundance of each bee species were 
estimated as follows: the abundance was transformed into a 
value between 0 and 1 (with 1= the maximum abundance ob-
served on the flowers) by dividing the number of individuals 
on each flower by the total number of individuals of the most 
abundant bee species observed on both flowers.  Using values 
of relative abundance between 0 and 1 facilitate interpreta-
tions of the graphs in terms of the probability of interactions 
being proportional to species abundance. A significance level 
of 0.01 was used. 
As the flowers of Centrosema are quite large and their 
nectar is well-protected at the base of the corolla, we assumed 
an a posteriori size threshold of floral visitors to test for size 
constraints on random interactions proportional to species 
abundances (Stang et al., 2007). Body size was used as a 
surrogate for proboscis length, as all of the pollinators ob-
served belonged to the general category of long-tongued bees 
(Michener, 2000). It is important to note that all members of 
the orchid bees or Euglossini have proboscis longer than the 
other bee groups with similar body size. The orchid bees have 
very long proboscis (longer than ¾ of their body length) that 
are more or less proportional to their body size (with several 
exceptions): being, for example, up to 10mm long in spe-
cies whose bodies are approximately 10mm long, and up to 
40mm long in species larger than 20mm (Roubik & Hanson 
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2004). Five individuals of each bee species were measured to 
estimate their body lengths using an electronic digital caliper 
(accuracy 0.1mm). The distance between the top of the head 
(at the height of middle ocellus) and the end extremity of ab-
domen was measured in order to obtain a rough estimate of 
relative size for insertion of bees in the following body length 
categories: small bees <9.9mm; medium bees ≥ 10 < 15mm; 
large bees ≥ 15 < 20mm; very large bees ≥ 20mm. 
Results 
The very similar zygomorphic lip-flowers of C. brasilianum 
and C. pubescens both offer nectar as the main reward to 
flower visitors. Nectar is produced from the start of flower 
anthesis (during the night) until pre-senescence (near 12:00 h) 
in both species, thus being available from sunrise until noon. 
In synchrony with nectar availability, the stamen is receptive 
from early morning until floral senescence in both species. C. 
pubescens produced greater quantities of nectar (P < 0.01) 
than C. brasilianum (Table 1), so that the availability of this 
resource to foragers is potentially greater on the flowers of the 
former species. Active pollen harvests were made by very few 
non-pollinators that often visited the flowers after the peak 
of activity of the pollinators – so that pollen protection by 
the keel structure appears to be quite effective considering the 
legitimate visitors.
The sizes of the flowers are very similar in the two 
species of Centrosema and there are no significant differences 
in width (P = 0.45) and length (P = 0.67) of the banner and, 
mainly, in the depth of the corolla (P = 0.45). The difference 
between the flowers is observed only on the dimensions of 
the keel (P < 0.001), more robust in C. pubescens. The keel 
size probably does not modify the nectar accessibility by large 
bees (≥ 15 < 19.9 mm) or very large bees (≥ 20 mm), however, 
it could affect the behavior of small and medium sized bees 
on the flowers. 
A total of 489 flower visitors were sampled on the 
flowers of the two Centrosema species, of which almost 98% 
and 27 species were bees (principally robust bees, with body 
sizes > 10mm; Table 2). Most of the bees collected nectar in the 
flowers of both Centrosema species, with the exception of few 
pollen robbers. Eighty-six percent of the observed bee species 
made the legitimate nectar harvests on C. pubescens flowers, 
as compared to only 46% on C. brasilianum. During legiti-
mate visits in both flowers, pollinators typically landed on the 
ventral lip (banner) of the flower and forced their head and 
thorax towards the corolla base, displacing the keel upwards 
and triggering pollen deposition on their backs (nototribic 
pollination). They accessed the nectar by inserting their long 
tongues into the nectar chamber through a rigid and very nar-
row passage at the base of the corolla. This corolla structure 
therefore impedes legitimate nectar access by small bees (e.g., 
bees < 10mm). 
In terms of both species richness and abundances on 
flowers, the major groups of pollinators were large (body 
length > 15mm < 20mm) or very large bees (body length ≥ 
20mm), all with long (e.g., Xylocopa) or very long probos-
cis (Eulaema, Euglossini), as well as some medium-sized 
Euglossini bees with very long proboscis (Euglossa, Eu-
glossini). The non-pollinators were medium-sized nectar rob-
ber bees (Oxaea) and small pollen robber bees (Ceratina and 
Augochloropsis). The roles of medium-size Centridini bees 
varied with Centrosema species (Table 2). 
In contrast to legitimate visitors, nectar robbers always 
moved along the outside of the flower to the base of the peri-
anth, where they would pierce the calyx to gain access to the 
nectar chamber.  This type of behavior was often displayed 
by individuals of Oxaea species on C. brasilianum flowers 
(14% of total flower visitors) and on C. pubescens flowers 
(17% of total flower visitors), and by Centris and Epicharis 
bees on C. brasilianum flowers. Oxaea usually acted as a pri-
mary nectar robber, making holes in the calyx that could be used 
by secondary nectar robbers (Centris, Epicharis, Ceratina, Pseu-
daugochlora, and Augochloropsis). Ceratina, Pseudaugochlora, 
and Augochloropsis also acted as pollen robbers, harvesting 
it with their mouth parts directly from the anthers; Ceratina 
bees were often the primary pollen robbers, punching holes 
in the anthers inside the keel that the other two groups would 
later take advantage of. 
A high similarity was seen between the two pollination 
systems, considering their sharing of higher taxa and func-
tional bee groups. By contrast, considering the actual num-
Table 1. Floral biology of two synchronopatric species of Centrosema 
(Fabaceae) in an coastal tropical restinga (Brazil). Flower measures 
(N = 10) are described in methods.
Character Centrosema 
pubescens
Centrosema 
brasilianum
Anthesis (start-end) 00:00 h – 05:00 h 00:00 h – 02:00 h
Stigma receptivity 
(start-end)
05:00 h until 
senescence
   02:00 h until 
senescence
Nectar volume (ml) 26 ± 4.20 14 ± 5.50
Floral Reward Nectar Nectar
Flower color 
bluish-pale lilac, 
with magenta and 
creamy-white 
stripes on the 
banner (nectar 
guide)
bluish-purple, with 
whitish-yellow pale 
stripes on the ban-
ner (nectar guide)
Flower 
Measures
(mm)
Banner 
length
33.71 ± 2.16 36.4 ± 3.54
Banner 
width
37.66 ± 2.79 38.85 ± 3.75
Keel 
length
20.41 ± 1.75 16.34 ± 0.79
Corolla 
depth 
5.34 ± 0.31 5.46 ± 0.36
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Table 2. Abundance distributions (on the flowers and in the PMP habitat), size categories, and behaviors of the floral visitors to Centrosema 
flowers: Centrosema pubescens  and Centrosema brasilianum. The behavioral categories follow Inouye (1980): R = Primary flower robbers; 
Rs = Secondary flower robbers; P = pollinators; n.r. = not recorded. The size categories of the bees were based on body lengths: (•) Small bees 
<9.9mm; (••) Medium sized bees ≥10 <14.9mm; (••••) Large bees ≥15 <19.9mm; (•••••••) Very Large bees ≥ 20mm.
Bee Groups
Flower Visitor ABundAnce
Bee size
Categories
Habitat
PMP
C.pubescens C.brasilianum
euGlossini
     Euglossa cordata (Linnaeus, 1758)   87 17(P) 57(P) ••
     Euglossa ignita Smith, 1874  0 1(P) 0 ••
     Euglossa securigera Dressler, 1982 0 2(P) 0 ••
     Eufriesia cf. mussitans Fabricius, 1787   26 0 1(P) ••••
     Eulaema cingulata Moure 1950   13 12(P) 3(P) ••••
     Eulaema flavescens Friese, 1899   6 6(P) 0 •••••••
     Eulaema nigrita (Lepeletier, 1841)   71 45(P) 10(P) ••••
     Eulaema bombiformis niveofasciata Friese, 1899   4 17(P) 0 •••••••
BomBini
     Bombus brevivillus Franklin,1913   26 10(P) 3(P) ••••
centridini
     Centris (Hemisiella) tarsata (Smith, 1874)  15 1(P) 1(Rs) ••
     Centris (Centris) flavifrons (Fabricius, 1775)   14 1(P) 1(Rs) ••••
     Centris (Centris) leprieuri (Spinola, 1841) 48 0 8(Rs) ••
     Centris (Trachina) fuscata (Lepeletier, 1841)   65 2(P) 2(Rs) ••
     Epicharis (Xanthepicharis) bicolor Smith, 1854 2 1(P) 1(Rs) ••••
     Epicharis (Epicharis) flava (Friese, 1900) 11 15(P) 1(Rs) ••••
Xylocopini
     Xylocopa (Megaxylocopa) frontalis (Olivier, 1789) 131 85(P) 1(P) •••••••
     Xylocopa (Neoxylocopa) nigrocincta Smith,1854  15 3(P) 0 ••••
     Xylocopa (Neoxylocopa) suspecta Moure & Camargo, 1988 14 2(P) 1(P) ••••
     Xylocopa (Neoxylocopa) cearensis Ducke, 1910 1 0 1(P) ••••
     Xylocopa (Neoxylocopa) grisescens Lepeletier,1841    4 1(P) 0 •••••••
oXAeini
     Oxaea flavescens Klung, 1807  18    2(R) 13(R) ••
     Oxaea sp.1 48 57(R) 10(R) ••
cerAtinini
     Ceratina (Crewella) sp.1 32(R) 24(R) •
AuGochlorini
     Pseudaugochlora pandora Smith, 1853 50    0(Rs)    6(Rs) ••
     Augochloropsis callichroa Cockerell, 1900 37    4(Rs)    6(Rs) •
eXomAlopsini
     Exomalopsis sp.1 13 0   2(R) •
ericrocidini
     Acanthopus sp.1  2   3(P)          0 •
other insects (n.r.)        8 (n.r.)     10 (n.r.)
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bers of species, only 46% of the pollinators (12/26) and 67% 
of the non-pollinators (4/6) were shared by both Centrosema 
species. The percentage of shared bee species between the two 
flowers partially reflected sampling artifacts (the small num-
bers of sampled individuals of several species; Table 2). The 
main differences between the systems, however, are related to 
the distributions of abundances of the large pollinators and the 
shifting behavior of a shared bee group (Centridini).
Apparent size constraints can explain basic differences 
in the behaviors of bee visitors to the specialized lip flowers of 
Centrosema (Table 2) – with pollinators usually being larger 
than 15mm; non-pollinators were consistently less than 15mm 
long. Among the medium-sized bees (10-15mm), only some 
Euglossa species with very large proboscis (> 10mm) were 
abundant on flower and would legitimately access the nectar 
while performing pollination. The primary nectar flower rob-
bers were medium-sized bees Oxaea (< 15mm). The behaviors 
of medium-size Centridini bees on the flowers were less predic-
table as they acted as pollinators of C. pubescens and as secon-
dary nectar robbers of C. brasilianum. In this latter case, flower 
robbing was probably related to the lower nectar volume in C. 
brasilianum flowers. The nectar robber behavior of some lar-
ger Centridini bees (two species of Epicharis) probably was 
stimulated by easy access to nectar in C. brasilianum flowers 
that had been previously perforated by primary flower robbers 
(Oxaea). 
The relationship between the relative abundance of 
bees on Centrosema flowers and their abundance in the habi-
tat (Fig 1; see also Table 2) was very consistent and extremely 
significant (r = 0.87; P < 0.00001) when the analyses were re-
stricted to large bees (≥ 15mm) visiting C. pubescens flowers 
(Fig 1a). Although significant, a loss of consistency was seen 
in the relationship when all floral visitors to C. pubescens 
flowers were included, independent of their sizes (r = 0.69; P 
= 0.001). The abundance of bees in the habitat, however, was 
not predictive of their abundance on C. brasilianum flowers 
under any circumstances – whether considering a minimum 
size constraint of 15mm (Fig 1b; P = 0.49; P = 0.04) or includ-
ing all floral visitors in the analyses (r = 0.42; P = 0.034). The 
smaller nectar rewards and the activities of secondary flower 
robbers on C. brasilianum flowers seem to affect mainly large 
pollinators (e.g., Eulaema nigrita and Xylocopa frontalis) that 
probably shift to C. pubescens flowers with large nectar volume.
Considering the abundances and behaviors of floral 
visitors (pollinator or non-pollinator), the NMDS analysis 
revealed two distinct structural and functional organizations 
of the pollination systems of C. brasilianum and C. pubescens 
(Fig 2). Analysis of similarity (ANOSIM) confirmed signifi-
cant differences between the pooled visiting bees (average 
dissimilarity = 83%; P = 0.011). Quantitative analyses of the 
contributions of particular bee groups to the observed dissimi-
larity indicated that the abundance distributions of the very 
large Eulaema and Xylocopa bees and the medium-sized 
Euglossa bees (with very large proboscides) were particularly 
Fig. 1. Relationships between abundance of bees (pollinators + non-
pollinators) in the habitat (PMP) and on the flowers of Centrosema: 
a) Centrosema pubescens (r = 0.87; P < 0.00001); b) Centrosema 
brasilianum (r = 0.49; P = 0.04). It is presented only the regression 
curves for the large bees + very large bees + Euglossini (bees with 
very long proboscis).
a
b
important to the ecological differentiation between the two 
pollination systems. The pollinating bees Xylocopa frontalis, 
Eulaema nigrita and Eulaema meriana together, for exam-
ple, were responsible for 27% of the observed dissimilarity 
between the two systems, while medium-sized pollinating 
bees Euglossa contributed 25%; medium-sized Centris bees 
contributed 4.2%, mainly due to the fact that they behave as 
pollinators or robbers depending on the Centrosema species. 
Altogether, the primary nectar or pollen robber bees Oxaea 
and Ceratina respectively, contributed for only 10% of the 
dissimilarity. 
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Discussion
Similarity in floral biology and mainly synchronopatry 
expose the two Centrosema species to share the main visiting 
bees and functional bee groups (Camargo et al., 1984; Rou-
bik, 1989; Michener, 2000): the huge carpenter bees of the ge-
nus Xylocopa and the very large-tongued Euglossini bees as the 
main pollinators; Oxaea primary nectar robbers; Ceratina pri-
mary pollen robbers; and the floral oil bees Centridini whose 
role is dependent on Centrosema species. In particular, the 
primary nectar and pollen robbers were bees evenly shared 
by both flowers, as expected, suggesting they are weakly re-
sponding to subtle floral differences between the Centrosema 
species (e.g., flower color and keel size). On the other hand, 
the significant differences in the abundances of shared piv-
otal pollinators, mainly the large bees Xylocopa and Eulaema, 
and secondary nectar robbers, cannot be attributed to random 
effects only.
The hypothesis of a size threshold modulating the in-
teractions between nectar-flowers and consumers (Stang et al., 
2006) is mainly supported by the predictable interactions of 
C. pubescens with large and very large bees that have large or 
very large proboscis (Xylocopa and Eulaema species). These 
relationships also corroborate the influence of random inter-
actions proportional to bee species abundances in the habitat 
(Vázquez & Aizen, 2004, Vázquez, 2005; Stang et al., 2007). 
The observed partnerships between pollinators and the 
very specialized Centrosema lip-flowers should therefore be 
attributed to the action of two basic mechanisms: neutral ran-
dom interactions driven by species’ abundances in the habitat, 
and interactions modulated by morphological constraints (i.e., 
bee size threshold). On the other hand, neither morphologi-
cal constraints (e.g., proboscis x corolla length) nor neutral 
interactions (Vázquez, 2005; Stang et al., 2006) fully encom-
pass the mechanisms responsible for the high concentrations 
of very large bees on C. pubescens flowers and the observed 
shifting of the behavior of Centridini bees from legitimate C. 
pubescens pollinators to C. brasilianum nectar robbers. Sig-
nificant difference in keel size between both flowers doesn’t 
explain adequately the exploitation modes and sharing of these 
two nectar sources by the bees. If the keel provides resistance 
to visitors, it was expected some difference in the frequency 
distribution of mid-sized bees between the two Centrosema 
species and a higher frequency of nectar thefts in C. pubescens 
flowers with the largest keel: only the first prediction is par-
tially supported by the high abundance of Euglossa cordata 
on C. brasilianum flowers. The abundance distributions of 
primary and secondary nectar robbers on both Centrosema 
species are therefore not affected by the keel size. 
Bees are notable for their ability to choose among nectar 
sources comparing foraging cost/benefit ratios (Waddington, 
1980; Pyke, 1984). For instance, among coexisting Bombus 
species, the largest bees with the largest proboscis tend to 
choose flowers with the longest corollas, from which they can 
collect more nectar more efficiently than smaller bees (e.g., 
Harder, 1985; Heinrich, 2004). If the bees were mainly res-
ponding to size restrictions, therefore, the largest bees should 
visit the flowers of both Centrosema species with similar 
frequencies, in light of their similar conditions of nectar ac-
cess (i.e., similar flower sizes and corolla lengths) and similar 
flower densities in the habitat (see methods). The same would 
not be true, however, in terms of floral nectar volume, and some 
large and very large-sized bees (e.g., Xylocopa frontalis and 
Eulaema species) likely choose C. pubescens flowers simply 
because they can obtain more nectar per visit. The difference 
in flower color between the Centrosema species must be used 
for recognition and choice of C. pubescens flowers, with more 
nectar, by these large bees. 
Despite the low contribution of secondary nectar rob-
bers to the structural divergences between Centrosema polli-
nation systems (i.e., 4% dissimilarity), the Centridini bees de-
serve attention because of the distinctive roles of “cheaters”on 
structuring flower-visitor webs (Genini et al., 2010). Centri-
dini is one of the most abundant bee group in tropical coastal 
restinga and sand dunes (Ramalho & Silva, 2002; Viana & 
Kleinert, 2006; Oliveira-Rebouças & Gimenes, 2011; Rosa & 
Ramalho, 2011), and therefore its low abundance on Centrosema 
flowers would not sustain the hypothesis of random interac-
tions proportional to abundances in the habitat (Vázquez, 2005; 
Vázquez & Aizen, 2004). Behaving as secondary nectar robbers 
in Centrosema flowers is probably a response of Centridini 
bees to a contingent relationship: encounters facilitated by the 
abundance of these bees in the habitat (Ramalho & Silva, 2002; 
Rosa & Ramalho, 2011) and by the long flowering periods of 
Centrosema species. 
In light of the intense activity of primary flower robbers 
(Oxaea spp) on both Centrosema species (14% to 17% of total 
flower visitors on flowers), and particularly on C. pubescens, if 
secondary flower robbers were responding to access op-
portunities to nectar by preexisting perforations in the co-
rolla, it would be expected that they would rob the flowers 
Species
Centrosema pubescens
Centrosema brasilianum
CB1
CB2
CB3
CB4
CB5
CB6
CP1
CP2
CP3 CP4
CP5CP6
2D Stress: 0,09
ANOSIM p = 0,011
Fig. 2. Ordination diagram of the two pollination systems by non-
metric multidimensional scaling (NMDS): CP = Centrosema pubescens 
and CB = Centrosema brasilianum.
M Ramalho et al - Pollinator Sharing in Synchronopatric Lip Flowers196
of both species or that the secondary robbery activity should 
be slightly higher in C. pubescens flowers. As such, it must 
not be by chance that changes from legitimate (pollinator) 
to illegitimate (secondary nectar robbery) visiting behavior 
mainly involve medium-sized Centridini bees (=15mm) and 
C. brasilianum flowers with smaller nectar volumes. 
The high observed frequency of medium-sized Euglossa bees, 
with very long tongues (proboscides >10mm) on C. brasilianum 
flowers provides indirect evidence that the body size/proboscis 
length ratio play a role in this relationship – as to maximize 
returns from the exploitation of the smaller nectar volumes in 
C. brasilianum flowers, medium-sized bees must have very 
long tongues (Euglossa species) or be primary flower robbers 
(Oxaea); being a secondary flower robber (Centridini) would 
be the “best thing to do with a worst thing”, as they would be 
highly exposed to visit depleted flowers.  
In some circumstances, nectar robbing (even from spe-
cialized flowers) can be a very rewarding strategy for bees, 
depending on their ability to make adjustments in their forag-
ing behaviors (Zhang et al., 2011), and that is probably why 
cheaters are ubiquitous in mutualistic flower-visitors net-
works (Genini et al., 2010). Nectar robbing behavior could be 
stimulated by size restrictions triggered by subtle differences 
in corolla lengths among very similar zoophilous flowers and 
size differences between individuals visiting the same flower 
(Urcelay et al., 2006; Zhang et al., 2011) or by difference in 
nectar volume in Centrosema species. Paradoxically, in the 
relationship between the two Centrosema species and Centri-
dini bees, secondary nectar robber seems to be more advanta-
geous in the flowers with smaller nectar volume.
In synthesis, pollinators sharing by the two Centrosema 
species is potentialized by synchronopatry and modulated by pol-
linator choices between flower sources with different nectar volu-
me and, apparently, by direct or indirect interactions among floral 
visitors, including flower robbers. The concentrations of the largest 
bee pollinators on C. pubescens flowers and the secondary nectar 
robber activity of medium-sized Centridini bees on C. brasilianum 
flowers are foraging responses better understood by nectar volume 
differences than by differences in floral morphology per se.
From the point of view of plant reproduction, nectar 
robbery has detrimental effects on maternal functions (e.g. seed 
set), depending on the species’ reproductive system (e.g., Irwin 
et al., 2001). As such, by reducing the nectar volume, probably C. 
brasilianum is selecting for medium-sized bees with the largest 
proboscis (e.g. Eulgossa) as its major pollinators, and therefore 
it should present some reproductive adjustment to compensate for 
the loss of large-bodied pollinators and the parallel-paradoxical 
increase in robbers activities. Both Centrosema species invest 
principally in cross-pollination, although the ratios of seeds/
ovules and seeds/fruits are both significantly smaller (P = 
0.0001) in C. brasilianum than in C. pubescens (M. Ramalho & 
M. Silva unpublished), suggesting the first species is more 
adjusted to being visited and  cross-pollinated mainly by a 
smaller number of large or very large bee species.
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